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SECTION 1
INTRODUCTION

Phosphoric acid (SIC 28741), made from phosphate rock and sulfuric acid, is the primary
material input in almost all of the phosphatic fertilizer used in agriculture. Producers of
phosphoric acid use two distinct manufacturing processes to produce two very different basic
grades of product acid. Phosphoric acid is produced via the wet process by 18 companies
owning 21 establishments . This process produces a "merchant-grade" acid. Phosphoric acid is
produced via the thermal process by four companies owning eleven establishments which
produce a more highly concentrated and purified acid. The chemical is used as an intermediate
product in the manufacture of such final products as phosphate fertilizer or animal feed,
concentrated and/or purified high grade phosphoric acid, or used in other industrial processes
unrelated to the phosphate industry (Barron, 1993a). The demand for phosphoric acid is
therefore a derived demand and the rate of growth in demand for phosphoric acid is largely
dependent on the rate of growth in the sectors that use it as an input. Production of phosphoric
acid increased from 9.6 million short tons in 1986 to 12.4 million tons in 1991, a 29 percent
increase in five years. (U.S. Department of Commerce,1992d)

The fertilizer industry produces nitrogenous, phosphatic, and potassic (potasssium)
fertilizers which supply nutrients essential to plant growth. Nitrogen-based fertilizers account for
53 percent of total fertilizer consumption in the United States; phosphorus-based fertilizers, 26
percent; and potassium-based fertilizers, 21 percent (U.S. Department of Commerce,1992d). The
U.S. phosphatic fertilizer industry is competitive in world markets due to its high process
technology and the availability of raw materials - phosphate rock and sulfur. The U.S. fertilizer
industry continues to consolidate into fewer and larger companies in response to stagnant
demand and increasing production costs (U.S. Department of Commerce,1992d).

The current-dollar value of phosphatic fertilizer product shipments in 1991 was estimated
at $4.2 billion, reflecting a real growth rate of 0.5 percent from 1990. Exports increased while
imports continued to be insignificant. The United States leads the world, not only in production
and consumption of phosphatic fertilizers, but also in exports. The Soviets follow the United
States in consumption; Morocco is second in production (U.S. Department of Commerce,1992d).

1.1 REGULATED ENTITIES AND POLICY ALTERNATIVES

Potential regulated industries will include those with facilities that manufacture
phosphoric acid via the wet process, superphosphoric acid and granular phosphate fertilizer. The
primary hazardous air pollutants (HAP) associated with wet process phosphoric acid
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manufacturing and granular phosphate fertilizer production are hydrogen flouride (HF) and
various metals associated with the phosphate rock (e.g. arsenic (AS), cadmium (Cd), chromium
(Cr), manganese (Mn), and Nickel (Ni). Table 1-1 lists the pollutants expected to be emitted
from each of the five subcategories and potential subcategories.

TABLE 1-1. SUMMARY OF HAPs POTENTIALLY EMITTED FROM PHOSPHATE
INDUSTRY SUBCATEGORIES

Subcategories HAP(s)

Calcining Phosphate Rock Metals (As, Cd, Cr, Mn, Ni)

Reactor Vessels
Flash Coolers
Filtration System
Evaporators
Storage Tanks

Wet Process Phosphoric Acid Manufacturing HF
Superphosphoric Acid Manufacturing HF

Evaporators
Filtration System
Storage Tanks
Granular Phosphate Fertilizer HF
Reactor Vessels Metals (As, Cd, Cr, Mn, Ni)
Granulators
Dryers
Coolers
Material Handling and Storage

Phosphogypsum Cooling/Evaporation Ponds HF

Potential Subcategories:
Purified Phosphoric Acid Production (Wet Process) Organic Solvents

Liquid Ammoniated Phosphate Fertilizer HF
Phosphate Rock Drying Metals (As, Cd, Cr, Mn, Ni)
Phosphate Rock and Granular Phosphate Fertilizer ~ Metals (As, Cd, Cr, Mn, Ni)

Production Product Handling

Source: Radian Memorandum April 28, 1993.



SECTION 2
SUPPLY

2.1 PRODUCTION PROCESS

2.1.1 Phosphoric Acid Manufacturing

Figure 2-1 describes the phosphoric acid manufacturing and phosphate fertilizer

production process.

Phosphoric acid can be manufactured by one of two processes: a wet process or a thermal
process. Each of these processes produces very different grades of phosphoric acid. Acid
produced via the wet process is typically referred to as merchant-grade phosphoric acid. During
the wet process, phosphate rock is reacted with sulfuric acid to produce an acid product
containing 40 to 54 percent phosphoric acid (P205) and a calcium sulfate byproduct, gypsum.
In some cases, calcination may be required to remove organic material from phosphate rock
mined in some parts of the United States depending on the ultimate product use. Merchant-
grade phosphoric acid may be used in phosphate fertilizer or animal feed production, be
concentrated and/or purified to higher grade phosphoric acid (i.e. superphosphoric acid), or may
be used in a variety of industrial processes unrelated to the phosphate industry.

The emission sources and estimated annual emissions for the wet process phosphoric acid
manufacturing process is displayed in Table 2-1.

During the thermal process, phosphorus is burned in a combustion chamber and then
reacted with water to produce phosphoric acid that contains 75 to 85 percent P205. Because

phosphoric acid produced via the thermal process is highly concentrated and contains fewer
impurities, it is generally used in foods or in more specialized industrial applications. Due to
apparent low HAP emissions during the production process, thermal process phophoric acid will
most likely not be regulated.

2.1.2 Phosphate Fertilizer Production
The principal granulated phosphate fertilizers produced in the United States are

« granulated triple superphosphate (GTSP),
» normal superphosphate (NSP),

» monoammonium phosphate (MAP), and
 diammonium phosphate (DAP).
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TABLE 2-1. WET PROCESS PHOSPHORIC ACID FLOURIDE EMISSIONS FOR A
TYPICAL 1,000 TON/DAY SOURCE

Estimated Annual
Emissions
Emissions Sources (tons F/year)!
Merchant Grade Phosphoric Acid Process Sources 3
Cooling Pond Emissions Associated With Merchant Acid 3-6502
Production
Super Phosphoric Acid Process Sources 0.53
Cooling Pond Emissions Associated With Super Acid 0.2 - 422
Production

1. Based on NSPS limits.
2. Pond minimum emissions estimates based on 0.1 acres per daily ton of P2Os and 10 Ib. F/acre-day. Ninety

percent of pond emissions are apportioned to merchant acid production and 6 percent of pond emissions are

apportioned to super acid production.
3. Assumption that 25 percent of merchant phosphoric acid is used to produce super acid.

Source: Phosphoric Acid Manufacturing NESHAP Briefing Package. July 14, 1993.

GTSP is produced when merchant-grade phosphoric acid is reacted with phosphate rock
to produce a slurry which is then granulated, dried and screened to produce uniform fertilizer
particles with 40 to 48 percent P2O5. Normal superphosphate, which has a P20O5 content of only
15 to 20 percent, is produced by reacting phosphate rock with weak sulfuric acid.
Monoammonium and diammonium phosphates are produced similarly: merchant-grade
phosphoric acid is reacted with ammonia to form an ammoniated slurry. The slurry is then
granulated, dried, and screened to produce the MAP fertilizer product. In DAP production,
additional ammonia is sparged to the bottom of the granulator to produce a more highly
ammoniated product. The emission sources and estimated annual emissions for phosphate
fertilizer production are displayed in Table 2-2.

2.1.3 Production History and Trends

The 1984 phosphoric acid production record was surpassed in 1988 when 11.6 million
tons of P205 were produced - 11 million as wet-process acid and 0.6 million as thermal acid.
Another high was set in 1991, with 12.3 million tons produced (11.8 million as wet-process acid
and 0.5 million as thermal acid). Capacity utilization was 98 percent in 1991 (TVA, 1992b).
Phosphorus and phosphoric acid production in the United States is displayed in Table 2-3.
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TABLE 2-2. SOLID FERTILIZER FLOURIDE EMISSIONS FOR A TYPICAL 1,000
TON P,0s/DAY SOURCE

W
Estimated Annual Emissions!

Emissions Sources (tons Flyear)
DAP/MAP Process Sources 10.4
DAP/MAP Cooling Pond Portion 0.024 - 4.82
GTSP Process Sources 34
GTSP Storage 144
GTSP Cooling Pond Portion 0.68 - 1302

1. Based on NSPS limits.
2. Pond minimum emissions estimates based on 0.1 acres per daily ton of P2O5 phosphoric acid production and

0.2 Ib F.acre-day. Pond maximum emissions estimates baased on 0.4 acres per daily ton of P2Os phosphoric acid
production and 10 Ib F/acre-day. 4.6 percent of pond emissions apportioned to GTSP production and
0.16 percent apportioned to DAP/MAP production.

Source: Phosphate Fertilizer Production, NESHAP Briefing Package. July 14, 1993.

Since its introduction in the 1960's, diammonium phosphate (DAP) has grown in
importance due to its use in blended fertilizers. Diammonium phosphate production increased
from under a million tons in 1965 to over 6.6 million in 1991. Alternatively, triple
superphosphate (TSP) production has declined since the mid-1970's. Monoammonium
phosphate (MAP) production exceeded TSP production in 1987 and the trend is expected to
continue due to its higher analysis and versatility in manufacturing dry blends, granular mixtures,
and fluid materials (TVA, 1992b). Production of phosphate fertilizer materials in the United
States is displayed in Table 2-4.

2.1.4 Substitutability

Since there are primarily only two material inputs to the production of phosphoric acid,
phosphoric rock and sulfuric acid, there is virtually no possible substitution of material inputs for
this process. Similarly, phosphoric acid is the major raw material of almost all of the phosphatic
fertilizer used in agriculture. Every plant requires some phosphorus to survive. The other
primary plant nutrients, nitrogen and potassium, are complementary nutrients in fertilizer but can
not substitute for the benefits that phosphorus provides. The various n-p-k mixtures of fertilizers
can not really be changed without fundamentally changing the nature of the product a determined
by its end uses (which will be discussed in Section 3.4).
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22  COSTS OF PRODUCTION

Rising production costs are causing fertilizer companies to consolidate into fewer and
larger organizations (U.S. Department of Commerce, 1992d). Further information on production
costs can be found in the most recent "Phosphate Fertilizer Production Cost Survey" available
from the Fertilizer Institute for a charge. A more detailed discussion of production costs will be
added later.
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SECTION 3
DEMAND

3.1 CHARACTERIZATION OF DEMANDERS

The primary industries that use the commodities produced under SIC code 2874 include
feed grains, agriculture, forestry and fishery services and fertilizers (U.S. Department of
Commerce, 1982). No specific information on household demand is available at this time. In
the world market, China and India are primary purchasers of U.S. phosphatic fertilizer exports
and will continue to be growing markets (Department of Commerce, 1992d).

Shipments included in SIC code 2874 by class of customer are displayed in Table 3-1.

TABLE 3-1. MANUFACTURER’S SHIPMENTS BY CLASS OF CUSTOMER: 1987.
SIC CODE 2874, PHOSPHATIC FERTILIZERS

Value Percentof
Class of Customer (Millions of Dollars) Total

Total product shipments 3609.0 100
Shipments to other establishments of same company

Wholesale establishments 1224.2 34

Retail stores and outlets 107.7 3

Other manufacturing establishments 398.7 11

Other nonmanufacturing establishments NA NA
Shipments to all other customers

Wholesalers 611.5 17

Retailers 472.1 13

Manufacturers 493.0 14

Federal, State and Local governments 1.6 NA

All other 300.2 8

Source: U.S. Department of Commerce. 1987 Census of Manufactures, Distribution of Sales by Class of
Customer. 1992.

3.2 PRODUCT CHARACTERISTICS

Goods and services are valued by the consumer because of the properties or
characteristics they possess, with these characteristics taken to be an objective, universal property
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of the good (Lancaster, 1974). Therefore the demand for a commodity is not simply for the
physical good itself but instead for the set of characteristics and properties that are contained in a
particular commodity.

One of the characteristics/properties of a particular fertilizer is its phosphorus content.
No living thing can exist without phosphorus. It must be present in adequate amounts in living
cells before cell division can take place. Phosphorus is always found in abundance in young,
fast-growing meristematic tissue (Fertilizer Institute, 1982). The nutrient also has many vital
functions in photosynthesis, utilization of both sugar and starches, and in energy transfer process.

One of the most interesting aspects of phosphorus is its mobility within the plant. Under
conditions of reduced supply or availability, phosphorus can be translocated from old to young
tissue. The quality and early maturity of grain crops has, for many years, been associated with
adequate phosphorus nutrition. Young plants absorb phosphorus very rapidly, and adequate
phosphorus levels provide rapid, extensive growth of roots (Fertilizer Institute, 1982).

In the temperate climatic zone, soil phosphorus levels become more important because
low soil temperatures reduce phosphorus absorption by plants. The presence of other nutrients,
and even their form, can affect phosphorus uptake also. For example, ammonium nitrogen in
starter fertilizers enhances phosphorus uptake and root development for several crops. Such
factors are particularly important for early-season corn planted early in cold soils (Fertilizer
~Institute, 1982).

3.3 DEMAND FOR PHOSPHORIC ACID AND PHOSPHATIC FERTILIZERS

Consumption of single-nutrient phosphate fertilizers and multiple-nutrient fertilizers is
described in Tables 3-2 and 3-3, respectively. Consumption of phosphoric acid as a single-
nutrient fertilizer fell six percent in 1992, superphosphates grew 2.5 percent while consumption
of other single-nutrient phosphate fertilizers fell 21 percent. A more complete description of the
demand for multiple-nutrient fertilizers by grade can be found in Commercial Fertilizers, 1992.

Total fertilizer consumed in the United States for 1991 and 1992 by type of phosphate
material is included in Table 3-4. Total phosphatic fertilizer consumed in the United States fell
slightly (1.4%) from 6,621,809 short tons in 1991 to 6,533,065 short tons in 1992. Diammonium
phosphates led phosphatic fertilizer consumption both in 1991 and 1992 but fell slightly (.5%) in
1992. Additional consumption data and historical trends are presented in Section 5.2.
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TABLE 3-2. CONSUMPTION OF SINGLE-NUTRIENT PHOSPHATE FERTILIZERS
YEARS ENDED JUNE 30, 1991, AND 1992

Short Tons of Material

Phosphoric Acid Superphosphate Other
1991 1992 1991 1992 1991 1992
47,576 44,652 510,529 523,461 171,161 133,900

Source: Commercial Fertilizers, 1992,

TABLE 3-3. CONSUMPTION OF MULTIPE-NUTRIENT FERTILIZERS YEARS
ENDED JUNE 30, 1991, AND 1992

Short Tons of Material

N-P-K N-P P-K

1991 1992 1991 1992 1991 1992

9,940,003 10,025,964 6,482,100 6,472,810 556,029 583,673

Source: Commercial Fertilizers, 1992.

3.3.1 Substitution Possibilities in Consumption

Commercial fertilizers can be distinguished by their n-p-k content (nitrogen, phosphorus,
potassium). Some fertilizers are single nutrient fertilizers and will contain only one of the three
major nutrients. Other fertilizers are multiple-nutrient grade fertilizers and contain some
combination of two or more of the n-p-k nutrients. All plants require all three nutrients in
varying quantities. However, while some crops may require higher amounts of phosphorus,
others may require less phosphorus but more nitrogen, etc.

33.1.1 Short run substitution

Assuming that the proposed regulation increases the price of phosphoric acid and
consequently, the price of phosphatic fertilizer, consumers have few substitution possibilities in
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TABLE 3-4. TOTAL PHOSPHATIC FERTILIZER CONSUMED: UNITED STATES
YEARS ENDED JUNE 30 1991, AND 1992,

Short Tons of Material
United States
Phosphate Material Kind 1991 1992
Basic Slag 8,419 7,006
Raw and Steamed Bonemeal 1,416 1,949
Phos. Acid and Solutions 82,662 98,649
Diammonium Phosphates 3,447911 3,432,417
Monoammonium Phosphates 1,035,034 978,782
Liquid Ammonium Phosphates 1,125,138 1,156,213
Normal Superphosphate 16,094 25,131
Triple Superphosphate 494,435 498,330
Other 410,699 334,588
Total 6,621,809 6,533,065

Source: Commercial Fertilizers, 1992.

the short run. Farmers could reduce the total amount of fertilizer they consume, thus reducing
their demand for phosphorus, and/or they could change the n-p-k content of the fertilizer they
consume so that the phosphorus content is reduced. The extent to which the farmer can reduce
consumption of phosphorus is dependent on the type of crop being produced, the current
maturity of the crop and the amount of phosphorus that is required for that crop to survive
(dependent on soil type, climate, etc.). There is no perfect substitute for the benefits that
phosphorus provides. Then the short run response to an increase in price leads the farmer to
reduce consumption of phosphorus until the marginal benefit provided by the phosphorus equals
the higher price.

3.3.1.2  Long run substitution

In the long run, consumers of phosphate fertilizers may have more substitution
possibilities. For example, a farmer may alter the type of crops produced to those that require
less phosphorus. Other, more pervasive, long-term adjustments include the adaptation of less-
fertilizer intensive agricultural technology--perhaps through advances in technology--or net
reductions in fertilizer-consuming activities (agriculture, forestry, etc.).
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SECTION 4
INDUSTRY ORGANIZATION

4.1 COMPETITIVE STRATEGIES

To accurately measure the effect that a propsed regulation will have on a product market,
including its suppliers and demanders, some knowledge of the current market structure is
necessary. Information on the number and size distribution of the suppliers, market share and
potential market power are all important aspects in determining the current structure of the
product market.

The shares of shipments accounted for by the 4,8,20 and 50 largest companies for SIC
code 2874 are reported in Table 4-1. These concentration ratios are often used as a measure of
the competitive structure of an industry. When a few firms produce a large portion of industry
output, this is often interpreted as an indication that the industry is oligopolistic, rather than
purely competitive. This interpretation should be modified to consider the concentration of
producers in the individual product markets, rather than in the aggregated multi-product
industries. For example, one company may produce a small portion of industry output, but a
large portion of the output in one product market. It would be mistaken to conclude a perfectly
competitive market structure based on industry-level concentration measures, which are usually
reported at the multi-product industry level (e.g. 4-digit SIC), rather than the individual product
level. However, the existence of high concentration measures at the industry level (e.g., over 40
percent for the largest four firms (Martin, 1988)) may be a good indication of some oligopolistic
market power. In 1987, the Census of Manufactures reported a concentration measure of 48
percent for the four largest firms.

The Herfindahl Index is a truncated index and is calculated by squaring the concentration
ratio for each of the top 50 companies or the entire universe (whichever is lower), and summing
those squares to a cumulative total. It has the merit of combining information about the market
shares of all firms in the market, not just the largest four or the largest eight firms. The higher
the index, the fewer the number of firms supplying the industry and the more concentrated the
industry group or industry is at the top. Census of Manufactures data reports that the Herfindahl
Index for the phosphatic fertilizer manufacturers increased from 600 in 1982 to 880 in 1987
suggesting that the market is concentrated at the top by a few suppliers.

Specialization ratios represent the ratio of primary product shipments to total product
shipments (primary and secondary, excluding miscellaneous receipts) for the establishments
classified in the industry. Coverage ratios represent the ratio of primary products shipped by the
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establishments classified in the industry to the total shipments of such products that are shipped
by all manufacturing establishments wherever classified.

42  PLANT/FACILITY CHARACTERISTICS

4.2.1 Physical Characteristics

The location of phosphoric acid manufacturing facilities and phosphate fertilizer
production facilities is concentrated largely in areas where phosphate ore is mined: Florida,
North Carolina and the Rocky Mountain states. Ore used in the Gulf Coast facilities
(Mississippi, Louisiana, and Texas) is reportedly shipped from Florida (Barron, 1993a). Figure
4-1 displays the relative locations of the 21 wet-process phosphoric acid manufacturers while
Figure 4-2 displays the relative locations of the 21 phosphatic fertilizer producers.

Capacity data for wet-process phosphoric acid, superphosphoric acid and granular
phosphate fertilizer plants can be found in Appendix A. The average capacity is 550,000 metric
tons P205/year for a wet-process phosphoric acid manufacturer, 228,000 metric tons
superphosphoric acid/year for a superphosphoric manufacturer, 375,000 metric tons DAP/MAP
per year and 171,000 metric tons GTSP/year for phosphatic fertilizer manufacturers.

Employment figures for SIC code 2874 indicate a slight decline in the total number
employed from 10,800 in 1989 to 10,500 in 1991, (U.S. Department of Commerce, 1992b).
Total number of employess and production workers are displayed in Table 4-2. The number of
establishments by the number of employees is presented in Table 4-3.

TABLE 4-2 NUMBER EMPLOYED IN SIC CODE 2874

1989 : 1990
Number of Production Number of Production
SIC Code Employees Workers Employees Workers
2874 10,800 7,400 10,500 7,500

Source: U.S. Department of Commerce. 1992d. 1990 Annual Survey of Manufactures. Washington, DC: U.S.
Government Printing Office.
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TABLE 4-3. NUMBER OF ESTABLISHMENTS BY NUMBER EMPLOYED: 1987 (SIC

CODE 2874)
Number of Establishments
Number Employees
SIC Code 1-9 10-19 20-49 50-99 100-499 500 - 2500
2874 19 16 12 11 14 5

Source: Census of Manufactures, Industry Series, 1987.

4.3 FIRM CHARACTERISTICS

A regulatory action to reduce hazardous air emissions during the production of
phosphoric acid and phosphatic fertilizers will potentially affect the business entities that own the
regulated facilities. Facilities comprise a site of land with plant and equipment that combine
inputs (raw materials, energy, and labor) to produce outputs . Companies that own these
facilities are legal business entities that have the capacity to conduct business transactions and
make business decisions that affect the facility. The terms facility and establishment are
synonymous in this profile and refer to the physical location where products are manufactured.
Likewise, the terms company and firm are synonymous and refer to the legal business entity that

owns one or more facilities.

Currently there are a total of 18 companies owning 25 establishments that manufacture
wet-process phosphoric acid and/or granulated phosphatic fertilizers. Phosphoric acid is
produced by 19 companies operating 21 establishments; superphosphoric acid is produced by 7
companies operating 8 establishments; and granulated fertilizers (DAP, MAP, and GTSP) are
produced by 16 companies operating 21 establishments (Barron, 1993a). Table 4-1 lists the
companies and the phosphate product produced.

Census data for SIC code 2874 reported in this profile characterizes the phosphatic
fertilizer industry as it was in 1987. At that time, 55 companies owned 77 establishments (U.S.
Department of Commerce, 1990). Table 4-4 lists the number of companies and establishments
for SIC code 2874 as reported by the Census of Manufactures.
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Figure 4-1. Extent of Industry Locations of Wet Process Phosphoric Acid Manufacturing Facilities
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TABLE 4-4. HISTORICAL NUMBER OF COMPANIES AND
ESTABLISHMENTS SIC CODE 2874

Eompanies “Establishments

(No.) (No.)

1987 Census 55 77

1986 ASM NA NA
1985 ASM NA NA
1984 ASM NA NA
1983 ASM NA NA
1982 Census 69 110
1981 ASM NA NA
1980 ASM NA NA
1979 ASM NA NA
1978 ASM NA NA

Source: Census of Manufacturers, Manufacturers Industry Series.

With only 24 companies owning 41 establishments (includes wet and thermal process
acid, superphosphoric acid, granular phosphate and normal superphosphate fertilizer production
units) currently, the data indicates a trend towards consolidation in the industry to fewer and
larger companies since 1982. One clarification of the data needs to be made. Manufacturers
reported by the Census data include producers of liquid fertilizers (primarily ammonium
polyphosphates). However the current data reported above does not include liquid fertilizer
manufacturers. The amount of liquid fertilizer relative to all phosphatic fertilizers was less than
five percent in 1987 so this discrepancy is minor.

Currently, a company owns an average of 1.7 establishments as compared to an average
of 1.4 establishments in 1987. By operating more than one plant, a firm can spread the fixed
costs of administration over a larger output. The result is a multiplant economy of scale that will
encourage multiplant operation. There will often be product-specific economies of multiplant
operation. By operating more than one plant, a firm can specialize the production of high
volume products in single plants.
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4.3.1 Legal Ownership of Facilities

Business entities that own composite facilities will generally be one of three types of
entities:

* sole proprietorships

* partnerships, or

* corporations.

Each type has its own legal and financial characteristics that may have a bearing on how

firms are affected by the regulatory alternatives and on how the firm-level analysis of the
regulation might be approached. Table 4-5 shows the legal form of establishments in SIC code

2874 as the industry was represented in 1987.

43.1.1  Sole Proprietorship

A sole proprietorship consist of one individual in business for himself who contributes all
of the capital, takes all of the risks, makes the decisions, takes the profits, or absorbs the losses.
While Behrens (1985) reports that sole proprietorships are the most common form of business,
the 1987 Census of Manufactures reports that only 1 of the 77 establishments, or 1.5 percent, are
sole proprietorships.

TABLE 4-5. LEGAL FORM OF ORGANIZATION OF ESTABLISHMENTS IN SIC
CODES 2874: NUMBER AND PERCENTAGE

Legal Organization Number of Establishments  Percentage of Establishments
Proprietorships 1 LS5
Partnerships 1 L5
Corporations 75 97
Other 0 0
Total 77 100

Source: U.S. Department of Commerce. 1991. 1987 Census of Manufactures, Subject Series: Type of
Organization. Washington D.C.: U.S. Government Printing Office. February.

Legally, the individual and the proprietorship are the same entity. From a legal
standpoint, personal and business debt are not distinguishable. From an accounting standpoint
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however, the firm may have its own financial statements that reflect only the assets, liabilities,
revenues, costs, and taxes of the firm, aside from those of the individual.

4.3.1.2  Partnerships

The 1987 Census of Manufactures reports that only one of the 77 establishments, or
1.5 percent, are partnerships. A partnership is an association of two or more persons to operate a
business. In the absence of a specific agreement, partnerships are general—each partner has an
equal voice in management and an equal right to profits, regardless of the amount of capital each
contributes. A partnership pays no federal income tax. All tax liabilities are passed through to
the individuals and are reflected on individual tax returns. Particularly germane is that each
partner is fully liable for all debts and obligations of the partnership (Behrens, 1985). Thus,
many of the qualifications and complications present in analyses of proprietorships (e.g., capital
availability) are present—in some sense magnified—in analysis of partnerships.

4.3.1.3  Corporations

The 1987 Census of Manufactures reports that 75 of the 77 establishments, or 97 percent,
are corporations. Unlike proprietorships and partnerships, a corporation is a legal entity separate
and apart from its owners or founders. Financial gains from profits and financial losses are borne
by owners in proportion to their investment in the corporation.

4.3.2 Vertical Integration

Vertical integration is a potentially important dimension in firm-level impacts analysis
because the regulation could affect a vertically integrated firm on several levels. For example,
the regulation may affect companies for whom the manufacture of phosphoric acid is not the
company’s primary focus but rather is an input into the company’s other production processes
such as phosphatic fertilizers. A regulation that increases the cost of manufacturing phosphoric
acid for vertically integrated firms will also affect the cost of producing the primary products.
The majority of the DAP, MAP, and GTSP production units are colocated with wet process
phosphoric acid manufacturing units and all of the superphosphoric acid manufacturing units are
colocated with phosphoric acid manufacturing units. None of the normal superphosphate
production units is located at a site where phosphoric acid or any other granulated phosphate
fertilizer is produced. (Barron, 1993a)
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4.3.3 Horizontal Integration

Horizontal integration is also a potentially important dimension in firm-level impact
analysis for either or both of two reasons. First, a diversified firm may own facilities in
unaffected industries. This type of diversification would help mitigate the financial impacts of
the regulation. Second, a diversified firm could be indirectly as well as directly affected by the
regulation. For example, if a firm is diversified in manufacturing pollution control equipment,
the regulation could indirectly and favorably affect it.

The twenty-five companies that currently manufacture phosphoric acid and/or phosphate
fertilizers represent a mix of diversified and specialized production units. Such large
petrochemical companies as Mobil, Occidental, IMC and Chevron manufacture a wide variety of
petrochemical products. Other companies such as MS Phosphates Corp and Farmland are more
specialized in the production of phosphoric acid and phosphate fertilizers (Barron, 1993c).

4.3.4 Financial Status

4.3.4.1 Financial Ratios

It is important to characterize the baselines financial condition of the potentially regulated
facilities. A widely accepted method of summarizing financial status is the use of financial ratios
derived from firm-level financial statements. Profitability is the most comprehensive measure of
the firm’s performance because it measures the combined effects of liquidity, asset management
and debt management. Several ratios are commonly used to measure profitability, including
return on assets, return on equity, and return on sales. For all these measures, higher values are
unambiguously preferred over lower values. Table 4-6 shows the ratios used in this profile to
measure the financial viability of firms in terms of profitability.

TABLE 4-6. KEY MEASURES OF FIRM PROFITABILITY

Measure of Profitability Formula for Calculation
I
Return on Sales Nets:gme
Net Income
Return on Assets Total Assets
) Net Income
Return on Equity Owner’s Equity
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A firm’s profitability may be evaluated using comparative analysis. This comparative
analysis would evaluate the profitability of potentially affected firms in baseline versus with
regulation by comparing the firm’s key measures of profitability with specific industry
benchmark ratios reported in Dun and Bradstreet’s (D&B’s) Industry Norms and Key Business
Ratios. While these industry benchmark ratios are not reported here, they may be obtained from
D&B. Table 4-7 reports the profitability ratios for the phosphate fertilizer industry as reported
under SIC code 2874 by Dun and Bradstreet.

TABLE 4-7. FIRM PROFITABLILITY RATIOS FOR SIC CODE 2874, 1992 (23

ESTABLISHMENTS)
— Quartile
UQ MED LQ
Return on Sales 6.6 22 0.4
Return on Assets 8.5 2.8 0.5
Return on Equity 10.4 5.6 (3.9)

Source: Duns Analytical Services. 1993. Industry Norms and Key Buisness Ratios. Dun and
Bradstreet Business Credit Services. 1992-1993.

4.3.5 Financial Failure

A composite ratio of financial condition, called the Z-score, may also be computed to
characterize baseline and with regulation financial condition of potentially affected firms. The
Z-score (Altman, 1982) is a multidiscriminant function used to asses bankruptcy potential, and
was developed specifically for manufacturing firms. It simultaneously addresses liquidity, asset
management, debt management, profitability and market value. This measure of financial failure

is not reported here but will be computed at a later date.
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SECTION 5
MARKETS

5.1 PRODUCTION

5.1.1 Domestic Production

Table 5-1 lists the value of shipments for SIC code 2874 from 1987 to 1990. Phosphatic
fertilizers experienced a 24 percent increase in the value of shiments from 1987 to 1990 and
more recently, a 4.1 percent increase in 1990. Phosphoric acid value of shipments increased 10.5
percent from 1987 to 1990 but declined 2.9 percent in 1990.

TABLE 5-1. VALUE OF SHIPMENTS FOR SIC CODE 2874: 1987 TO 1990*

Value of Product §hipments
Number Product (millions of dollars)

1990 1989 1988 1987

2874 Phosphatic Fertilizers 4462.0 42845 41495  3609.0

28741 Phosphoric Acid 1287.0 13255 12704  1164.9

28742 Superphosphate and other 2858.1  2629.4  2584.2 21538
phosphatic fertilizer materials

28744 Mixed fertilizers 269.7 294.2 260.9 256.6

28740 Phosphatic fertilizer n.s.k. 47.3 354 34.0 33.7

Source: Annual Survey of Manufacturers, Value of Product Shipments
*Earlier years are available in Census of Manufacturers, Manufacture Industry Series.

The value of shipments for related products from the Current Industrial Report Series are
listed in Table 5-2. Diammonium phosphates has traditionally been and continues to be the
major shipment of phosphatic fertilizers.

The regulated universe for this profile would include all those products listed above with
the exception of thermal process phosphoric acid, other ammonium phosphates, and other
phosphatic fertilizer materials. Combined these three products only consisted of three percent of
the total product as reported in Table 5-2.
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TABLE 5-2. RELATED PRODUCTS FROM CURRENT INDUSTRIAL REPORTS
SERIES—VALUE OF SHIPMENTS BY ALL PRODUCERS: 1987 AND

1982
1937 Product 1982 Product
Shipments Shipments
1987 Quantity Value Quantity Value
Product (1,000s (Million of  (1,000s (Million of
Code Product Tons) Dollars) Tons) Dollars)
28741--  Phosphoric Acid 4,314.7 1,151.8 X 1,048.8
28741 81 Thermal 2184 130.5 192.2 128.2
28741 85 Wet 4,096.3 1,021.3 2,797.7 920.6
28742--  Superphosphoric and other 7,148.2 2,090.6 5,485.1 1,814.0
phosphatic fertilizer materials
28742 15 Normal and enriched 21.8 6.3 54.4 16.5
superphosphates
28742 41 Concentrated superphosphates 947.6 229.0 1065.1 284.9
28742 51 Monoammonium phosphates 947.1 284.0 481.9 156.8
28742 52 Diammonium phosphates 5,138.7 1,533.7 3,721.6 292.1
28742 55 Other ammonium phosphates 932 37.6 162.2 63.8
and and other phosphatic fertilizer

28742 61 materials

Source: U.S. Department of Commerce. 1987 Census of Manufactures, Agricultural Chemicals. 1990.
Washington D.C.: U.S. Government Printing Office.

5.1.2 Foreign Trade

During the period 1979 to 1991, U.S. phosphate exports have increased from just under 4
million tons of P205 to over 6.6 million tons in 1991. The reduction in phosphoric acid exports
is due to the decline in super acid exports to the former U.S.S.R. Phosphate exports surpassed
domestic consumption for the first time in 1984, and the pattern continued through 1991 (TVA,
1992b). Diammonium phasphates (DAP) is the largest fertilizer chemical in world trade because
it contains two primary nutrients, 55 percent phosphorus and about 20 percent nitrogen. The
United States leads the world in DAP exports which account for more than 90 percent of total
U.S. phosphatic fertilizer exports (U.S. Department of Commerce, 1992d). Phosphate fertilizer
exports are displayed in Table 5-3. U.S. exports of phosphoric acid and phosphatic fertilizers
increased from 22% of demestic production in 1980 to 28% of domestic production in 1991. For
several years, the United States has been exporting about half of its phosphatic fertilizer
production (TVA, 1992b).
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5.1.3 Prices

Since 1980, prices for TSP and DAP have shown substantial fluctuations. With an
increase in trade, phosphate prices increased slightly in the late 1980's. However, in 1990 TSP
and DAP prices fell 12 and 14 percent respectively before recovering slightly in 1991. In 1991,
triple superphosphate was $217 per ton and DAP was $235. Futures contracts for DAP are now
offered by the Chicago Board of Trade as a means to manage price risk (TVA, 1992b). Spring
season retail phosphate prices in the United States are listed in Table 5-4.

52  CONSUMPTION

Domestic phosphate use has declined from a peak of 5.6 million tons of P205 in 1979 to 4.1
million tons of P205 in 1991. The increase in U.S. phosphate exports (less than a million tons of
P205 in 1970 to over 6.6 million tons in 1991) has paralleled the increase in consumption in
Asia and Oceania. Total world P205 consumption rose from 14 million metric tons in 1965 to
more than 36 million metric tons in 1991. Phosphate use in Western Europe and North America
during this same period was virtually unchanged, while consumption in East Europe and the
former U.S.S.R. decreased. China and India are primary purchasers of U.S. phosphatic fertilizer
exports and will continue to be growing markets (U.S. Department of Commerce, 1992d).
Consumption increases achieved in the late 1960's and early 1970's were offset by the steady
decline from 1981 to 1987 (TVA, 1993b). Domestic phosphate consumption is displayed in
Table 5-5 while world phosphate fertilizer consumption is displayed in Table 5-6.

53 SUMMARY AND FUTURE OUTLOOK

Phosphoric acid manufacturers were operating at near capacity, 98 percent, in 1991. A
reduction in phosphoric acid exports is due to the decline in super acid exports to the former
U.S.S.R. (TVA, 1992b). Domestic phosphate use has declined while U.S. phosphate exports
increased during the period 1979-1991. The United States leads the world, not only in
production and consumption of phosphatic fertilizers, but also in exports. The Soviets follow the
United States in consumption; Morocco is second in production (U.S. Department of Commerce,
1992d). For several years, the United States has been exporting about half of its phosphatic

fertilizer production.

The stability experienced in the phosphatic fertilizer industry in 1992 should also
characterize long-term prospects for U.S. phosphate fertilizer shipments. The United States
should continue to dominate world trade; however, there is likely to be a gradual loss of world



market share to Morocco, which is expected to increase production (U.S. Department of
Commerce, 1992d).

Within each sector of the industry, many localized geographical markets exist where only
neighboring firms compete directly. These submarkets are only loosely tied to a national market,
but economic decisions by individual firms are jointly related to national trends. There are
relatively few suppliers of phosphoric acid and phophate fertilizers located in distinct geographic
areas suggesting localized geographical markets may exist. The existing market structure
reflects fundamental market forces that are likely to be an enduring feature of the phosphate
fertilizer product market. A future economic impact analysis may use any differences in market
structure and pricing practices of phosphoric acid and phosphate fertilizer manufacturers to
predict the market responses to a proposed regulation.
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